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38.3.1.2 Regulation of NO Synthesis
Endothelial NO production is largely dependent on eNOS activity,
which is regulated by canonical Ca /calmodulin-dependent and
Ca -independent mechanisms. The Ca /calmodulin-dependent
pathway mediates actions by acetylcholine, ATP, thrombin, and
bradykinin B2 receptor agonists, to increase eNOS activity.  Those
agonists bind to G-protein-dependent receptors and activate
phospholipase C, then catalyze the cell membrane component
phosphatidylinositol 4,5-triphosphate into diacylglycerol and inositol
1,4,5-triphosphate (IP ), which acts on endoplasmic IP  receptors,
thereby increasing intracellular Ca  levels. Then Ca  binds to
calmodulin-dependent protein kinase II (CaM kinase II) to enhance
eNOS activity. Although eNOS activity is related to changes in
intracellular Ca , it is not the only factor required for the
modulation of the enzyme activity. The binding of calmodulin (CaM)
and the electrons transferring from the reductase to the oxygenase
domain of eNOS are also dependent on its phosphorylation states.
For example, phosphorylation of Ser617, 635, and 1179 promotes an
increase in eNOS activity, while phosphorylation of Ser 116, Thr497,
and Tyr659 inhibits eNOS function.  There are numerous protein
kinases that could phosphorylate Ser 1179 of eNOS, including CaM
kinase II kinase (CaMKII), Akt (protein kinase B), AMP-activated
protein kinase (AMPK), cyclic AMP dependent protein kinase (PKA),
and cyclic GMP dependent protein kinase (PKG). Among them,
except for CaMKII, the others are involved in Ca -independent
regulation of eNOS activity. A number of lines of evidence have
supported that Ca -independent mechanisms contribute to
substantial NO generation in endothelial cells.  In addition, other
associated regulatory proteins like Caveolin-1, a major caveolae-
localized protein through caveolae internalization, Hsp90 and gp60,
also play an important role in Ca -independent activation of eNOS
and NO generation.
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7.11.3 Regulation
Kinins have a very short half-life in the circulation, reflecting their
rapid inactivation by circulating peptidases. Degradation of
bradykinin in the circulation is mediated by angiotensin converting
enzyme (ACE), neutral endopeptidase, aminopeptidase P,
carboxypeptidase N, and ubiquitous zinc metalloendopeptidases
[640]. Indeed, inhibitors of ACE and neutral endopeptidase greatly
increase plasma bradykinin levels [591,592]. Degradation of the two
endogenous B -receptor agonists, bradykinin and kallidin produces
the B  receptor agonists, des-Arg -bradykinin and des-Arg -kallidin.
Thus, bradykinin synthesis produces an immediate but inactivating
stimulation of the B -receptor and a delayed but more sustained
activation of the B  receptor via the metabolite. In conditions of ACE
inhibition, there is significant accumulation of metabolites which act
as B  receptor agonists [591].

The constitutive B -receptor is regulated via agonist-induced
internalization, desensitization, and resensitization. Internalized B -
receptors are not degraded but are recycled to the cell surface [641].
B -receptors are degraded by translocation to caveolae, endocytosis
and extracellular degradation by trypsin and neutrophil proteases
[642]. In contrast, B  receptors are neither desensitized nor
internalized following agonist stimulation [643]. Indeed, agonist
activation of B  receptors leads to sustained, continuous signaling
that is only slowly reversed [641]. Rather, B  receptor signaling is
regulated by receptor expression. Under normal conditions, there is a
low expression of the B  receptor, but glucocorticoids [644] and other
cytokines increase B  receptor expression in an unusual feed-forward
manner. It appears that B  receptor agonists stimulate receptor
transcription through a PKC and NfκB-dependent process [643,645].
Thus, the ubiquitous kallikrein–kinin system is an important local
regulator of microvascular tone, angiogenesis and permeability and
can be upregulated during inflammation and other pathological
conditions.
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I. BYPASSING THE BLOOD–BRAIN BARRIER (BBB)
Systemic administration to brain of therapeutic agents, such as small
molecules and especially high molecular weight (HMW) agents like
monoclonal antibodies, liposomes, and viral vectors, is severely
limited by the BBB and other physiological obstacles, e.g., increased
interstitial pressure within brain tumors. The BBB is created by the
tight apposition of endothelial cells lining blood vessels in the brain,
forming a barrier between the circulation and the brain parenchyma
(e.g. astrocytes, microglia). Blood-borne immune cells such as
lymphocytes, monocytes, and neutrophils cannot normally penetrate
this barrier. A thin basement membrane, composed of lamin,
fibronectin and other proteins, surrounds the endothelial cells, and
associated pericytes, and provides both mechanical support and a
barrier function (Rubin and Staddon, 1999). Thus, the BBB is crucial
for preventing infiltration of pathogens and restricting adaptive
immune responses in the central nervous system, as well as for
preventing disorganization of the fragile neural network. When
designing strategies for delivery of therapeutics to the brain, one
must keep in mind the existence of this tightly protected and closed
environment. For that reason, brain is probably one of the most
challenging human organs to target for gene therapy approaches.

Various strategies that have been used for manipulating the BBB for
drug delivery to the brain include osmotic and chemical opening of
the BBB, as well as the use of transport/carrier systems. The BBB to
water-soluble drugs and macromolecules can be opened in vivo by
infusion of a hypertonic solution of arabinose or mannitol into the
carotid artery for 30 s (Kroll and Neuwelt, 1998; Rapoport, 2001).
Opening the BBB involves widening of tight junctions between
endothelial cells of the cerebrovasculature, and is mediated by
endothelial cell shrinkage, vascular dilatation associated with removal
of water from brain, and modulation of the contractile state of the
endothelial cytoskeleton and junctional proteins by increased
intracellular calcium ions. A 10-fold increase in BBB permeability to
intravascular substances, lasting about 10 min after osmotic
exposure, reflects both increased diffusion and bulk fluid flow from
blood into brain. Furthermore, recent evidence indicates that the
duration of peak BBB opening can be extended beyond 30 min, by
pre-treatment with a Na /Ca  channel blocker. In experimental
animals, the osmotic method has been used to grant wide access to
brain of water-soluble drugs, peptides, antibodies, viral vectors for
gene therapy, and enzymes (Rapoport, 2001). Ongoing clinical
studies suggest that this method, when used with intra-arterially
administered anti-cancer drugs, can prolong survival in patients with
malignant brain tumors, with minimal morbidity (Kroll and Neuwelt,
1998; Siegal et al., 2000; Rapoport, 2001).

Another potentially useful alternative to osmotic disruption of the
BBB is the use of bradykinin that seems to selectively increase
permeability of capillaries in brain tumors. This endogenous
oligopeptide, produced by activation of the kallikrein-kinin system,
can stimulate B2 receptors present at the BBB, and initiate second
messenger cascades that induce opening of the tight junctions.
Histamine and leukotrienes act in a similar way. As the use of
endogenous ligands is generally compromised by both the high
concentrations required to increase BBB permeability as well as by
physiological side effects, one method of administration involves
infusion of bradykinin directly into the internal carotid artery
(Inamura and Black, 1994; Nomura et al., 1994). This approach has
given some success in animal studies. However, bradykinin's very
short half-life (several seconds), potent vasoactive metabolite, and
poor therapeutic index limit its safety and usefulness. For this reason,
the selective B2 bradykinin agonist Cereport (RPM-7 or Labradimil)
was developed to improve therapeutic index via longer B2 receptor
stimulation (Bartus et al., 1996; Boddy and Thomas, 1997). The
timing of a 15-min infusion of Cereport with an overlapping 5-min
infusion of the drug has been demonstrated as the optimal dosing
regimen. Electron microscopy studies have demonstrated that
intravenous co-administration of Cereport with the electron-dense
marker, Lanthanum, caused disengagement of the tight junctions
between the endothelial cells comprising the BBB (Sanovich et al.,
1995).

In brain tumors, modulation of cellular drug transporters, such as P-
glycoprotein (Pgp), has been proposed as an optional strategy to
open the BBB. Pgp is a transmembrane protein of 170 kDa, formed
by two homologous subunits that form an ATP-dependent efflux
pump, localized on the apical side of cells (Higgins, 1992). Although
the general role of the Pgp system is to eliminate numerous
xenobiotics by actively pumping these molecules out of the cell, and
consequently decreasing their intracellular concentrations, Pgp is
also implicated in the transport and regulation of endogenous
molecules such as hormones (Ueda et al., 1992; Wolf and Horwitz,
1992) and phospholipids (Pohl et al., 2002). Pgp is detected in
numerous organs including brain and peripheral nerves (capillary
endothelial cells). Therefore, modulation of Pgp activity, especially its
down-regulation, can help to distribute drugs to the CNS. Inhibition
of Pgp increases the brain penetration of anti-cancer drugs.

Global neuronal gene expression in the brain is also possible with
trans-vascular delivery of the gene through non-viral gene transfer
technology (Shi and Pardridge, 2000). Liposomes (phospholipid
bilayers formed into spheres in the presence of water) are a
commonly used vehicle for administering therapeutic agents,
including drugs and genes, to specific target sites. In this approach,
the non-viral plasmid is encapsulated in the interior of a neutral
liposome that prevents degradation of the DNA by endonucleases. By
conjugating 2 kD polyethylene glycol (PEG) to the surface of the
liposome, reduced adsorption of serum proteins to the liposome is
achieved (Cullis et al., 1998). This prolongs the blood residence time
of the nanocontainer due to minimization of its uptake by the cells
lining the reticulo-endothelial system. In addition to facilitate
successful transit of the BBB, liposomes are conjugated to a
receptor-specific targeting ligand, such as a monoclonal antibody
(MAb). The antibody attaches to a receptor expressed on the BBB,
which enables sequential receptor-mediated endocytosis. The
targeting MAb acts as a molecular Trojan horse to ferry the pegylated
immunoliposome (PIL) across biological barriers in the brain via
endogenous transport systems (Pardridge, 2001). Brain capillary
endothelial cells do possess specific receptor-mediated transport
mechanisms that can be exploited. Transferrin (Tf ) and its receptor
(TfR) play an important role as the brain drug transporter vector (Li et
al., 2002). The TfRs are concentrated on the plasma membrane of
brain endothelial cells. Coupling liposomes (terminal ends of PEG)
with MAbs against those receptors helps PILs to cross the BBB.
Endogenous genes were delivered to mouse brain with the rat 8D3
MAb to the mouse TfR (Shi et al., 2001), and to the rat brain with the
murine OX26 MAb to the rat TfR (Shi and Pardridge, 2000; Shi et al.,
2001). After intravenous administration of a 6–7 kb plasmid,
encoding either β-galactosidase or luciferase, widespread transgene
expression was achieved. Although gene expression was also
observed in peripheral tissues, such as liver and spleen, this can be
eliminated by the combined use of this vector with a brain-specific
promoter such as the glial fibrillary acidic protein (GFAP) promoter
(Shi et al., 2001). A similar approach with PIL gene-targeting
technology was used in the primate brain. Zhang and colleagues
used PILs conjugated to the murine MAb against the human insulin
receptor (HIR) (Zhang et al., 2003). Previously used anti-TfRMAbs
were specific for mice and rats and are not active in primates or
humans. Moreover, the rate of transport of the HIR-MAb across the
primate BBB is nearly 10-fold greater than the rate of transport of an
anti-human TfRMAb across the primate BBB in vivo (Pardridge,
2001). These studies have proven that the HIR-MAb enables the
liposome carrying the exogenous gene to undergo transcytosis across
the BBB, and then endocytosis across the neuronal plasma
membrane after intravenous injection. The level of luciferase gene
expression in the brain was 50-fold higher in the rhesus monkey than
in the rat. Confocal microscopy confirmed neuronal expression of the
β-galactosidase gene (β-gal). Histochemistry of primate peripheral
organs demonstrated tissue-specific expression; diffuse gene
expression was observed in liver and spleen, but not in heart, skeletal
muscle, or fat in the primate. The expression of the transgene in liver
and spleen was detected most likely because those organs have a
permeable microvasculature and the plasmids were driven by the
universal SV40 promoter. Use of the GFAP or a neuron-specific
promoter could have probably eliminated that problem.

Both osmotic and enzymatic/chemical manipulation of the brain
environment can help to increase efficacy of the CNS treatment
hindered by the BBB. Conjugation of molecular vectors with specific
antibodies can also improve their transport through the BBB in vivo.
Nevertheless, methods for general opening of the BBB may not be
very efficient, since they do not achieve anatomical targeting. Thus,
the main advantage of gene transfer is not met. More localized and
specific methods of delivery are needed.
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Opening the BBB (blood brain barrier) by relaxing the
tight junctions
One program Alkermes had developed to overcome delivery obstacles
posed by the BBB involved the use of a chemically-synthesized, novel
bradykinin B2 receptor agonist to transiently relax the tight junctions
comprising the BBB, thus temporarily opening it to permit high
concentrations of a systemically circulating therapeutic agent to cross
into the brain (Bartus, 1999; Bartus et al., 1996b, 1996c). In principle,
this technology might provide another means to circumvent the BBB
to allow neurotrophic factors to reach their CNS targets. However, as
more was learned about the phenomenon of relaxing the tight
junctions by activating the B2 receptors located on the luminal
surface of brain capillaries, it became increasingly clear that
neurotrophic factor proteins would not benefit; the increased
permeability achieved was limited to smaller molecules (i.e., less than
10 kDa) and lasted only 5 to 10 min before the BBB spontaneously
reformed via tachyphylaxis (Bartus et al., 1999; 2000; Elliott et al.,
1996; Inamura et al., 1994). Thus, while we advanced the RMP-7
program into several clinical studies in glioma patients, including
controlled trials in both Europe and the United States (Bartus, 1999;
Emerich et al., 2001), it did not provide a solution for the problems of
delivering neurotrophic factors to the brain.
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Phagoo et al. [35] proposed a model of kinin receptor
“autoregulation” based on IMR-90 cells. This model relies on cell
treatment with exogenous kinins. Addition of the B R agonist BK
(100 nM) suppressed 89% of the surface B Rs in a few min and up-
regulated B Rs (two- to three-fold) in a few hours. Treatment with the
B R agonist Lys-des-Arg -BK did not influence the population of
B Rs, but also up-regulated B Rs. Both agonists increased the
expression of IL-1β in the cells, and the natural IL-1 receptor
antagonist, IRA, decreased the induction of B Rs by BK [35].
Therefore, this “autoregulation” model integrates the autologous
desensitization of B R and the involvement of cytokines in B R gene
transcriptional control. This model has been tested in the
cardiovascular system of the rabbit. Systemic activation of the contact
system following intravenous dextran sulfate injection consumed
kininogen and generated a prolonged hypotensive state mediated by
B Rs, but failed to induce B Rs (vascular function, mRNA
concentration in several organs) 5 h after treatment; for comparison,
bacterial lipopolysaccharide treatment was active in this respect [15].
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Delivering neuroactive compounds to the CNS
Traditional approaches to getting compounds into the brain are
crude and include direct administration of therapeutic agents, such
as drugs or stem cells, into the brain following a craniotomy
(Pardridge, 2005). A less invasive approach is opening the blood–CNS
barrier by the osmotic shock induced by the intracarotid infusion of
hypertonic mannitol. This seems to increase the delivery of water-
soluble drugs, peptides, antibodies, and viral vectors to the brain
(Rapoport, 2000). Barrier opening via this method has been shown to
last for 6–8 h, and treatment-related toxicity was evident, which has
prevented the widespread use of this approach (Siegal et al., 2000);
(Siegal and Zylber-Katz, 2002). The administration of the bradykinin
B2 receptor agonist RMP-7 represents a more controlled method to
open the BBB but yielded only very modest brain permeation (Kroll
and Neuwelt, 1998). A new approach to focal CNS delivery is BBB
disruption by MRI-guided, focused ultrasound, which appears to
produce consistent vascular leak without tissue damage. The focal
opening of the BBB was reversible and completely healed within
24 h. Other approaches, include the use of implanted, biodegradable
polymers in the treatment of brain tumours and convection-
enhanced delivery (of substances within the human brain, which
involves the continuous injection under positive pressure of a solute
containing a therapeutic agent through a catheter targeted within the
CNS (Bidros and Vogelbaum, 2009).

A more promising approach is the use of receptor-mediated
endocytosis. Certain peptidomimetic monoclonal antibodies undergo
RME across the BBB and so linking these to therapeutic agents
allows them to enter the CNS fortress in a Trojan horse (Pardridge,
2007). This strategy has recently been used with a family of peptides,
named angiopeps, that can smuggle non-CNS permeable
compounds into the CNS using the low-density lipoprotein receptor-
related protein (Demeule et al., 2008a, 2008b).

Another way to increase CNS interstitial concentrations of
administered drug is to inhibit multiple egress transporters with
compounds such as probenecid and indomethacin (Sun et al., 2003).
Co-administration of such compounds can usefully extend the half
life of CNS drugs in brain, thus increasing both the probability and
duration of therapeutic efficacy.
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2.3 CsA neuroprotective properties
Although the protective effects of CsA were first discovered in T-
lymphocytes, the brain has about a 20-fold greater tropism for CsA
compared to the T-cells (Goldner and Patrick, 1996). The benefits of
oral CsA as a neuroprotective agent are achieved only with a high
dose (i.e., >10 mg/kg) and chronic administration of the drug.
However, such high dosage and chronic injection of CsA produces
negative side effects such as nephrotoxicity and hepatotoxicity,
among others. Thus, a major limiting factor in producing the
therapeutic effects of CsA is its ability to cross the blood brain barrier
(BBB). It has been demonstrated that CsA protective effects may be
enhanced by mechanical disruption of the brain parenchyma
(Borlongan et al., 1998; Hayashi et al., 2009; Leventhal et al., 2000).
One novel approach involves the administration of endogenous
ligands or their analogs to increase permeability of the BBB by
activation of receptors on the endothelial cells comprising the BBB
(Inamura and Black, 1994; Nomura et al., 1994). Selective B
bradykinin receptor agonist, Cereport, has been shown to transiently
increase the permeability of the BBB (Bartus et al., 1996).

The P-glycoprotein (P-gp) is a membrane transporter encoded by the
MDR1 gene that contributes to the blood brain barrier by
transporting out various drug molecules, including CsA, from the
cells. This molecular mechanism contributes to drug resistance of
tumors to many chemotherapy agents. Double knockout mice mdr1a
(−/−) injected with radioactive isotopes showed a 20–50-fold increase
of various drugs including digoxin and CsA in the brain (Schinkel et
al., 1995, 1996). However, the increase level of drugs in the brain may
also contribute to neurotoxicity. Compared to the wild type, the
mdr1a (−/−) mice have a 100-fold increased sensitivity to the
ivermectin and 3-fold increase to vinblastine. This observation
explains some of the adverse effects seen in patients treated with
both chemotherapy agents and P-glycoprotein inhibitors (Schinkel et
al., 1994). Future research should further elicit how the MDR1 gene
polymorphism will affect the efficacy of CsA on the ischemic brain.

Another target of calcineurin that is blocked by CsA is nitric oxide
synthase (NOS). Activated calcineurin dephosphorylates NOS, which
is responsible for the production of nitric oxide (NO). Nitric oxide is
an intracellular messenger when synthesized in moderate amounts,
however excessive levels can be toxic. Nitric oxide is a well-known
neurotoxin induced in the case of glutamate neurotoxicity and is a
free radical that can inactivate proteins and enzymes (Dawson et al.,
1996). It can also interact with  and create peroxynitrite (ONOO ),
a highly neurotoxic molecule (Wang et al., 2010).

CsA inhibits a crucial step in MPTP formation, which, subsequently,
will prevent the activation of apoptotic cascade events in stroke. In
support of this model is the current evidence that CypD has a major
role in “energy failure”, but not in glutamate excitotoxicity; therefore,
CypD is tied to the mitochondrial dysfunction rather than increased
intracellular calcium levels (Malouitre et al., 2010; Schinzel et al.,
2005). According to multiple studies, CypD-deficient mice displayed
a reduction in brain infarct size after acute middle cerebral artery
occlusion and reperfusion (Schinzel et al., 2005; Wang et al., 2009,
2010). This finding is reinforcing the evidence that CsA inhibits
activation of MPTP and pore formation (Nicolli et al., 1996) by
inhibiting matrix CypD interaction with pore proteins (He and
Lemasters, 2002).

CsA has been demonstrated to produce neuroprotective effects in
both in vivo and in vitro models of excitotoxicity (Santos and
Schauwecker, 2003; Snyder et al., 1998). Protective effects of CsA in
the case of glutamate excitotoxicity are evident on multiple levels. As
previously mentioned, CsA prevents increased MPTP and preserves
normal mitochondrial function. However, in the case of glutamate
excitotoxicity it also acts through inhibition of calcineurin-mediated
release of synaptic vesicles (Kaminska et al., 2004). By inhibiting
calcineurin, CsA prevents phosphorylation and subsequent activation
of dynamin I and synapsin I, both of which have been implicated in
the regulation of neurotransmitter release (Cousin and Robinson,
2001; Kaminska et al., 2004). Additionally, it also blocks calcineurin-
mediated dephosphorylation of NOS subsequently blocking NOS
activation. Activated NOS is responsible for the production of nitric
oxide, which plays an important role in neurotransmitter release from
synaptic vesicles (Dawson et al., 1993, 1996; Kaminska et al., 2004).

An equally critical cell death pathway that is blocked by CsA entails
the apoptosis signaling mechanism. This mechanism involves Ca -
induced activation of Bcl-2-associated death promoter (BAD). BAD is
a Ca -calcineurin sensitive pro-apoptotic Bcl-2 protein, which upon
activation, translocates from the cytosol to the mitochondria to
initiate cytochrome c release and the apoptotic cascade (Shou et al.,
2004; Wang et al., 1999). Calcineurin inhibitors like CsA block the
apoptotic response linking calcineurin activation and the subsequent
translocation of BAD to cell death (Wang et al., 1999).

The full extent of action and neuroprotective effects of CsA are still
being clarified. There is emerging evidence that CsA could induce
neuroprotective effects through other pathways and stimulate the
production of neurotrophic factors (Costantini et al., 1998; Gabryel
and Bernacki, 2009). After forebrain ischemia, an increase of brain-
derived neurotrophic factor (BDNF) was observed in animals treated
with CsA compared to animals that did not receive treatment (Miyata
et al., 2001). Additionally, our group showed that CsA-treated, 6-
hydroxydopamine (6-OHDA) lesioned Parkinsonian animals
displayed significantly higher general spontaneous locomotor activity
than control animals at after about a week of daily CsA
intraperitoneal (IP) injection (10 mg/kg), which coincided with a
significant increase in TH-immunoreactive neurons in the nigra and
suppressed calcium-phosphatase calcineurin activity, indicating
robust neurotrophic activity (Hui et al., 2010) and an inhibition of
host immune response, respectively (Borlongan et al., 1999). CsA’s
neurotrophic factor activity attenuated the dopaminergic depletion
produced by the neurotoxin 6-OHDA could also be enhanced by
transient permeabilization of the blood brain barrier, allowing lower
doses of CsA (1 mg/kg) to similarly exert neuroprotective effects
against experimental model of Parkinson’s disease (Borlongan et al.,
2002b; Borlongan and Emerich, 2003). We also extended similar
neurotrophic factor effects of CsA in the cholinergic system, in that
adult rats treated with CsA (10 mg/kg per day, i.p. for 9 days) also
exhibited significantly reduced septal CN expression in combination
with enhanced levels of septal choline acetyltransferase
immunoreactivity compared to the controls (Borlongan et al., 2000).
Other models of neuronal injury, such as stroke, spinal cord injury,
and traumatic brain injury, also implicate the neuroprotective role of
CsA via facilitation of neurotrophic factor activity (Sheehan et al.,
2006; Hayashi et al., 2005; Kaminska et al., 2004; Gold, 2000).

View article

Download as PDF Set alert

About ScienceDirect Remote access Shopping cart Advertise Contact and support Terms and conditions Privacy policy

We use cookies to help provide and enhance our service and tailor content and ads. By continuing you agree to the use of cookies.

Copyright © 2021 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier B.V.

Journals & Books Register Sign in

About this page

2 +

2 + 2 +

84

3 3
2 + 2 +

2 +

85

86

2 +

2 +

87

2 +

86

2

1
9 10

2

1

1

2

2

2

1

1

1

1

1

1

(+) (2+)

2

2

1

1
9

2 1

1

2 1

2 1

2

−

2+

2+

https://www.sciencedirect.com/science/article/pii/B9780128148235000386
https://www.elsevier.com/books/T/A/9780128148235
https://www.sciencedirect.com/science/article/pii/B9780128148235000386
https://www.sciencedirect.com/science/article/pii/B9780123745309000073
https://www.elsevier.com/books/T/A/9780123745309
https://www.sciencedirect.com/science/article/pii/B9780123745309000073
https://www.sciencedirect.com/science/article/pii/B9780123976321500113
https://www.elsevier.com/books/T/A/9780123976321
https://www.sciencedirect.com/science/article/pii/S0969996112001337
https://www.sciencedirect.com/science/article/pii/S1567576902001893
https://www.sciencedirect.com/science/article/pii/S096999610900206X
https://www.sciencedirect.com/science/article/pii/S014341791100028X
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/customer/authenticate/manra
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.sciencedirect.com/

